The alignment of a nematic liquid crystal, 4'-n-pentyl-4-cyanobiphenyl (5CB), on several smooth metal (Cr, Cu, Ag, and Au) surfaces was observed experimentally. Perpendicular (homeotropic) induced alignment was observed for Cu and Ag boundary layers, whereas parallel alignment was observed for Cr and Au. These differences are discussed in relation to the differences in chemical bonding interactions at the surfaces as described by theoretical calculations performed for the cases of Cu, Cr, and Au. Several differences in orbital interactions, as well as a sensitivity to bonding configurations, are illustrated with the aid of extended Huckel calculations on hypothetical organometallic complexes and extended-Huckel -tight-binding calculations of the interface for parallel versus perpendicular adsorbate orientations.
I. INTRODUCTION
Since 1970, studies of liquid-crystal (LC) surface interactions and alignment have proceeded actively, and several reliable methods of producing structurally inhomogeneous surfaces have been found that are effective in controlling the alignment and orientation of a LC at solid surfaces. ' Recent studies have shown that variable oblique alignment of a nematic liquid crystal (NLC) can be achieved by the interaction of NLC s, with compositionally and microscopically inhomogeneous but macroscopically homogeneous surfaces. ' However, in spite of the great effort being devoted to the study of alignment of LC's , the molecular interactions with, and alignment by surfaces, remain among the least understood areas of LC physics and chemistry.
The interaction between the LC molecules and the surface could induce orientational order and, hence, affect bulk-alignment properties of LC cells. Because alignment schemes usually involve roughenimg of the surface, it is difficult to separate the geometrical effects due to roughness from bonding interaction effects. In this paper, we will address the role of surface-bonding ilteractions on the alignment properties in the bulk phase by comparative studies of the induced alignment for a NLC, 4'-n-pentyl-4-cyanobiphenyl (5CB, also referred to as PCB and K15) bordered by various flat metal surfaces from both experimental (measurements were made for Cr, Cu, Ag, and Au surfaces) and theeretioal (computations were performed for Cr, Cu, and Au) approaches. The results show that chemical bonding is an important factor in the LC's surface alignment. 
II. EXPERIMENTAL METHODS AND RESULTS
the surface (homeotropic orientation, which we refer to as vertical orientation). Therefore, we use the induced birefringence method with verification for consistency by the conoscopy method.
The construction of the samples is illustrated in Fig. 2T he Hat metal films of Cr, Cu, Ag, and Au with thickness of about 1000 A were either sputtered or evaporated onto Cr-coated silicon wafers. ' Fig. 3 , two types of bonding configurations were considered. Figure 3(a) shows the metal atom placed above the benzene ring of the cyanobenzene, and Fig. 3(b) shows the metal atom bonded with the cyano group. The carbon-ring bond angles and bond distances taken were those of benzene (C -C, 1.39 A) and (C -H, 1.1 A), the cyanide C -N distance was taken to be 1.15 A, and the cyanide-to-benzene ring distance was chosen to be 1.5 A.
The placement of the metal atom above the benzene ring in Fig. 3(a) 
IV. COMPUTATIONAL RESULTS AND DISCUSSION
The first consideration is a description of the orbital composition and symmetries of cyanobenzene. The construction of the molecular orbitals for cyanobenzene from the fragment orbitals of CN and benzene is shown in the interaction diagram in Fig. 4 . The orbitals of cyanobenzene (center) are formed by combining the molecular orbitals of the fragments, CN (left) and benzene (right). The degeneracy of the e, orbitals of benzene (D6I, symmetry) is formally removed by the reduction of the symmetry to C~, to form the a2 and b2 orbitals of cyanobenzene. The a2 and b2 levels in the central panel in Fig. 4 
